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5E. 7 

SL^ -^^1. «flol- 7]^. i^^. ^1*. ^^^^ 

•a 'll-'i 

i 1-& ^sHSiltflS-i^"?] "f}-^"!] al^Sj. ^SSl ^2:5.. 

£. 2fe n}-^°ii 

£ 3a ^ £ 3bfe ^-BllSl 01^4 ^^-J i^oil -11^^ ^^l*^- i^^^^L ^ 3a^ n v+E^.fl: 

AVAl^olD^. H 3bfe =L ^A^S ^E^vfl^ f'^^i. 

£4^-^21^ 7l^v-i- o]^^ f'eflsl :ei^3^ ^^-il S.^^ ^^^^ f ^^S.. 
£ 5^ -B-el 7m-i- °l-8-^^ ^-21121 ^^-^ ^EVMI^ f^^-as. 

£ 6^ ?-Bfl2l JL^^ ^^-tl "^'^^ ^"^^"^ ""^^^^^ "^^"^^ 

£ 7^ ^ .g-t^oil -S-^-S: M-^^^ f^^^S-. 

:e 8-S- £ 7<H1 jl^^ ^12: -^^^ ^AISV^ 

£ 9^ £ 7ofl SAl^a al^^ -S^^-ti S^^^ll -"^-S-^ ^''l £^l*Vfe ^'^'SS. 

£ 11* '^^] ^ ^12 -^^1 afl-a^ ^^«Vfe 

£ 12fe tilofl-* '^-''^^ ^'^1*''^ 

£ i3€: m "ii-ti^ ^ ^^^sFfe -^^^ 

£ 14^ ^13 ^^1 5^ "Hd ^ ^14 ^^1 = ^^1*^^ 

£ 16€- ;H13 ^^1 51% "fl^d ^ ^14 ^"'ii^ '^"^^^ "^^^ 

£ 17* -r^l## %-*^*>fe ^^t}^ £'3. 

H 18* "H-tif'-i- ^^JsV^ s^. 

H 20* ;»112 ^^^sf^ S^lSl-^ 
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£ 24a ^^1 £ 24f^ «11<^1^ 71^* ^^^sVfe S.^- 

£ 26^ HJ-i "3-^^ f^'a-^^- 

B 27-8- 'SI ^^1- ^'^^ -2-^ ^^^S.. 

1 : al^Sl- a# 

3 : jl^3i|- iii;^Vf' ^-^^^ 

4 : 51^31- i^V^-f- 

5 : SLo] 

6 : ttfl-id* 

7 : ;H12 211^ 

8 : ^^^1 

9 : m ^^1 

10 : ;H13 3.^ -i-^^ 

U : 44 ^^1 

12 : ^fll # 2)1^ uflAl^ 

13 : 42 * "ll^* 
15. 16. 34 : »M ^ 

17 : 43 % «ll^f' 

18 : ;«(|4 # "ll^f' 
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19 : oilo]>: 7)^ f^^t^fl 
24 : 'iJ-t^ 
25:<?I^El 

26 : -THsfl^lEl 

27 : 

28 : ^^^^ 

30 : 

31 : ^12 

33 : Efl^l^iS* 

36. 37 : H:*!-* 

38 : ^^H^(Ta02 

39 : -a-^ 

41 : 'S^^^ f'?}-*'! 

43 : ^i^ ^^V 

70 : ^S.'^i 

71 : '^zt-g- ■& 

90 : jl^ah IC 

91 : ^1- 
92:^S.H«i1 
93 : oj-cl^S. 

Hi. 1.0 i,) a!; Ml 'Vi rj '^iJ • ' 

t^l^^Ju^U^i^-^ ^l^Hl *^ ^'^^ ^"^^ ^ 
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tt l^tf^^ry^ito AU^^M^ "tlMa .I^^^S'i IEEE 802 U.MI»JSH 5(* cfl^sl 

52:^; :ii^o;'r*/.li,v^r.v"^:m «>^i^ »»v'i 

Sl?(100)^ z| ^ A>oHl z^zt ^7l^^:^! 4^- "e^?!7l(VC0). SAW §S) ^J jlj^ 

"r^.s;4Kiim ^^^^ ^^^1 cfl^^. ^^^Ki 

1°5)2^"4:-A1 ^^V^(112)# oVEflu^- (111)1- ^^-il^^. 

Su'^viiAiiS ii* i^^^^^i "^^^i' ^-^^ 
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l^liil Q^Tv*v^ ^^f>V -i^Al^d ^ Si^icf. o]^]^ 0)^5. oJ*ll. Si-CMOS 515. «fl 

5 il'mO^Iltll aV^-m ^^01 -^el^ 7)^(121) ^ SiO 3*<a#(122)2l oj-^al ^^^^(123)ofl cfl 

fvSlli^'^eW. olem ^^^d SL^^\^^. °J-^^* ^-^^^V- ^^^l*^- ^ 

S^JoTii i 'i^;^ U Sl*il .1^4 IC £fe LSI Sl^ ^;.V(134)7F ^-^#(133) -oVofl 

£#(130)^ -o><Hl ^^^^ o S.^. al^4 Sl^^sf 7)^1 cfl^ -S-BlSf-^ 

fjv^vi V7l5lvTI ^^^^l- ^-^^ i*(130)c.l °^<>1-i^^^€-^ 

itv? Si .ilanH. ^-^#(133) Mlofl 4 a.;^v» ^-J^ -fl^l 71^*>.i-lv. 4.^f7> <?f-^ 
;^V(i33)7V 'g'a-^cf. 



140)1 nVcHi^(i5l)oll ^^A1^J4. ^e^-i. ^^-a S^(140)^ ^V^f ^€ 'i-^ ^ 
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^7?^ ^Vol ^571% i^l^. -H-id^^ ^^^^ ^-^^^"^ '^^^ ^^^^ ^^^'^ 

^ /,o^ r.1 n Ar^^ o c Aoil i:: a1 sJ uVfiJ- :2>ol ssfl^l^l^^^. ^l] 7] { 1 50)^. ^ ^ i^"! ( interp 

:h ^^^^^^^ r^*"" * 

i^(130 140)^. -o>#^ «V4 olB,^;^ 71^(151)^ **fl 3fl|-7l.li*Sl7l -fl^oll. ^^14(15 

sl^mazrH^^fel 715(131)^ oi^^Vfe ^ o ^ oj*B. «,^oi W ^^l^V 9X^- 

= -v-sl ^n^s) *7) "r^S noli 71% ■SSS) ^* i^t Efe 
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S^^'^V^Voi\i\>1^* -hIi^o, «floi^ 7,^01. ^^31 4^ 7,^ ^^^4 t 

ToU^ 7)J]%ioU\-}^ ;Hlol7fl2l Bfl^do, ^.^sl^ ^-tSt 2 ^v'm? ^ 

Hlo^ ial ^17P^ &el* ^ Siol^i ^d7l^^ ^t-as] ^:^1£1*H a-s: ^J-^Ur. 



;i<^r^^^ ^^m. ^^^^ ^^^^^-^^ ^H^vfl^^7l ^^^^^ ^vjftTillTJtyi^ 

Soi ^VWsl A«l >*o,l «ll<d ^fl2 ^^1^^. ^^>* ^^^^^ ^''fl 



« «vrt 01 ::,^3i^ ai: ^^^tiei 'J^^oll ^4^^. Jn^J-y^^ ^'^ 3gl^#o.sA^ ^^^^ ji^^F i^V* ^^^^ ^o^-i . 

ii^'i-k ^hTuH^ ^^>» ^"It^ :n.^4 ^l^^"^- ^ "-^^^ ^^^^ a* 

«^'g<Hl ol-s^. »l|ol- 71^ ^vo,) .j^ Bfl-l. ^lol7ll-§- BHd°l ^fl^sH. i^sq- ^^.^V^ 
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J 'i^J^(6r3^ 2? .i^dll) ..v., .,2 ^€ «fl^d^(7)* 

L !i\/LrAVo)l- aVsV ^ol Ml^l ;M14 ^^1 SL^ ^^(resine coated copper foil)(8 ^fl^l 11) 

o, SS^^ 5ll iir^'S^^^Ts)^ M% 7 m ^^(53)0.1 ^^s,<H. 71^(5)^ ^^\lf^J\'^, 

2*21 ;tll2 ufl-Sif^C?)* ^^^^4. 

Ll>^tf "zl^ oli^Tl ;«4(8 ^ 9)ofl #(15 16)* ^-^-V^ s-3* 

;Sa?)i ;'ii^%T2V™%^^ S-47V ^^.1^ .101. 7,^ ^^V^(19)7> .1^€ 
^- . 

71^(2)^ ^^112: >H13 Bll€ «I1-Jf^(17) % ^14 341^ i.ll-J#(18)* S^«^7l ^lol^jlg ^^^^^^ 

^1^2)^ a1 T3 U^«4(10) .14 ^;^1 *«4(11)* <anV^><=^ .^fll ^^(5a)^ ^-^^^^l 

il^ ivlV>^/^(3)* WI*V^ ^"V s-6* "flol^ 71^(2)01 .1^€4. 

^ol 71^(5)* -S-=^^*ol tanS ^. ^^=V "f 7^ TflS. -fl* *^ ^el^^l'd^l J^(poIyphenylet 

Mene tpE) «llStlol^ ^eloV^JCbismaleidotriazine: BT-resin). ^elBflse^^^i^-^ofl^'aKpo ytetrafluo 
oXlene) (^A^ .l#*(Tef.on)). -el ol .1 .(po,yi.ide)^^^ J ^^IS'l^iTi " r^l^ 

5)^ ;H7>oioiAi, .is. «l-8-* ?3-ii.^l^J ^ 9X^. 

£ 9ofl £.151 .Vst 7^01 7m(5)Bl .11 ^"^(53) % .12 ^-a(5b)Bl a^o,) ^«v*(20.a ^ 20b)olJi^^S| 

^.rS-:^r^#^^^ «iov#(i4)oi ^^^^cf.^oi ^^^^''^^t- ^L^VVcf^o ItlTo 
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a 205)011 ti\t}^ ^^^^nm -^Al^ o^Ml. £ iQoll ^o) ^^(5a) ^ ^2 ^^(5b) 

o,.Vo, 2<H 7l^(5)o1]- .fll s-2<Hl 21^^! £ 11<H1 ^^o). * «H-dj11 

t.v^ ^^s| ;?i^oJl 4^;^lf'(8b. 9b)o) »i7<h€. ^^^^l ol-§-€4. 

^^Ts cm 'r^-^^ ^«-.H8) ^ ^12 ^-4(9)^. ^th ^-l^V l^^ol ^o^ -lJ(5)tfl/S 

J^12'4^^ 1% ^»4(9)<H1 S-301 -^Al^cf. ol.,! ofH^, Hlo> ^(14)°11 tfl-^eV- ^^0,1 cfl^M i£ 

f2b)* ^-ilfroV^ll^(^23 5J 22b)» uV^a^ SVol eflol.^ 7>^# -^A^}^}<^. # «ll<d «B€#(12) ^1 



7> -^li-^ ol* «-(15 ^ 16)* ^^^-]^ 3qlo]^SSl nll.^o,) 21*11 £^ .^(233 23b)7> ^-dSl 

i Jcl ^^-^MS) ^ ;H12 ^^1 ^«4(9)oim. ^12 Hll-d S-4011 ^*fl. ^^4#(8a 

^' QaVoil m^o] -^--1^^. i 13»)1 «>4 ^113 * «B^d ^^f^(17) 5J ^14 # "fl-d 

8a i ^1B1» ^^SH. ^-1#(8b. 9b) -^ofl ^13 ^ «ll>d ^€^(17)4 ^ «ll-d 

3!1^#(18)* bflol^i 7l^ ^^V^l(19)l- 



Sl^^lasU'^^^?^^^^ ^13 S^.*-4(10)4 ^14 ^-1 *«4(11)°1 -f'S 55 -11^ ^-3(53 
^ 5b)oll 



ol>i 



41 ^^1 ^«4(8) ^ m ^^1 2^ ^«4(9)^ -V^V7V^1^. ^113 ^^1 S-J ^"4(10) ^ ^114 ^^1 SL^ * 
-van^ ^-^#(10a ^ 113)21 -d*fl* ^4 ^^l*(10b ^ lib) OS ^'J^^o SMI ^A^^cf. ;.fl3 ^^1 

; Viae) .fl4 2^ ^-4(11)*. £ 150,1 ^ol.^^l^dOb. lib)* ^^-S^S. «jlol 

71^ inJ(l9)9] "H'S ^^ofl B^^^=L (^^ ^^l)oll ^^€4. ^^l#(10b ^ llb)ol <I7V 

ii: 71% ^:L^^(19)ofl ^^^^1-. 



«iioi- 71% ^:^mi9n ^^^^ 91^ m ^^i 2^ *«4(io)3^ ^«4(ii)<^i <a=v s-aoii si 
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1)^ il4 -ll-d^dS)-! gf^ o^.i. ^;.lf^(llb)ol ±^9\ Axl- ^->^1>^. 



ellol^ 71^(2) -a-Hlfe «}2l. ^ol, 71^(5)21 ^12 ^^(5b)<Hl ^^Sl^l Si^ ^12 ^^1 3.^ ^^K9)oll 

S^^12 lid V-l4a3%T^>aW «il<>l^ 9Xo]-^. ^^1 *"4(11)21 ^.l#(llb)2l ^oV^ 

#(13)ol i^#5lJl. 'Q^^ 'Et^K24)7V ^-^€4. 



iJsV^ 01 ^^^^ ^^o]^, 7j^(2) -^o)lfe ^-^^^(28) ^ «l|-d^^(29)7V ei-J^c^. ^-^^^(28)- 
^^1^}^'^^-^^^. ICOO) *J ^l-(9i)ol «H-d#^(29) -J-21 ^ 

-7H1 ^ ^ «ell-slor^^l^€4. »ilo1- 71^ ?-^oii.^, -^^1 sell-^^ 3^ *«4(11)«H) cfl^ 

^ iilii-S^ 7V;^]°a. ai^-g HeJl^ 4** iL-^tvcf. ofE^Ai, ^14 ^^1 s%' *«4(iiH SI<H-1. «1 ^^-h^l 
■>dii^^i^\^] ol ^«}- sjofl cf^ ^;^1 ^'^^ol ^}-%-% ^ 

i 8 ^ £ 17 Ml^l £ 2321 #iSV<^ 4.^V#^(4)2l ^ ^1l3i ^-^^ ^'l^L^,!^'"^- f . 

in -112: ^-J*. ^^#€ «>2^ ^01 ^1.4^ «flol>. 71^(2)21 ^^arV ^;^#^-J'S(3 -^o ofl 

Zn :^^7Z^^3^^ m s-7, ^11 €^#(30) -0^011 ^-^#^(28)» ^-^^7] 

fili undTr^y^rl -1 J^V- ^1=1 s-8. ^ ^^V ^-^^^(28)°1l 47^21 ^^f* ^-^*V^ 

J:; r.firs-9* I^^W. jL^s^ 4.^>#^(4)21 ;H1£ ^-^#^(28)* «fl-d*^<29)« 

i-]*V7l%tb ;^12 ^«S*(31)^ ^12 ^<af^ s-10, «ll>df^^(29) ^-^21 .11^(32) J 

- s-12* f-*ll-i Jl^n 3.^ ^^^KD* ^14?.>4. 
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^#(34)^ °j2lfil ^^^^ ^^^"^ ^ 

.-8<H1AH^ ^^^^ 4-8-«V^ tilof *«(34)* i^^tb ^^*(30)Sl S.^ ^<H1 

1" ^-^^^^^^^ ^j-i-K ^-^^^^ ?5 ^^^^i^-^^^ ^^^^^ ^'^'^"^ ^'^ ^ ' 

;i2V<^V 31 OK .11 ^^^(30)^ ^1^4^V^ -V^€ tl?i7l7,^^f41l"- o^^-^ 

34)o] ^'l^^t^-. 
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^:.A6nM^ -H^^H* ^'g s-ll«>fl 21*11. ^12 ^i"S#(31) -oMl «fl^d(32)ol 
IT^^ef^^of '.^^ "^^Vm^^ ^eli-i iSel^ziea.^ .lain ^%'€cf. ^ll^d^ ^-^rL'^f' 

^ -;.V^ ^^<H]Ai^, ^V^^ ^-jo,) o^^i^^ Hiloli 71^(2) -oMl Jl^i^V 4.;^V#^(4)7>2^^Slc>1. 

t ^M^r4"<g%%%v^U «11-J^(i3)^ ^^^V£^ ->*^- ^.l#(iib)ol ^ 

I^vi ^^<HIa1- ;m2 «11^J^(13)^ ic#Aifi£^ ^;^lf'(llb)ol «a-V€c^. 

-,--1 c= ^>ilfno,u1^ i^al- 4.^V#^(4) ^1-^1 ;«ll^s]fe^d^^^V(43a)^. JI^^VICOO)^^ ^^(91)# 

S2tlHl3:)t.m°cfl°.KT^;799) ^^^1 i ^<^^i* ^^h^ ^^^^-> ^-h^^)^ 

4IC(90)^. oimcll ;g^l-7l(94)#*«ll^i «^ ^ '^^-^'Si 21«II 

e S 2 ill mm ^i^^/^1 ^^U. «flol^ 7m ^1^ ^^olLi^. i 24a Ml-l ^ 24H ^12 

t^o^fot 7mVi 445 «flol^ 71^(2)S1 ^1^ ^^0.1 ^-H -fi-^VH^. '•^-1-i- ^ 

S ^iS^M 4^iV4^^^ zi .ToToim ^-i^fl(54)» ^^c^. ^noi^ 7m ?-^«^i-i^. 

^ 7m w^m55)^^^i^'=^- 
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i«4(56)^ ^fll "o^-a 71^(51)011 ^^^^ tVSoll^l s}^ ^^(53a)ol 5)^^ t#£|£^ T^^^' . 

lilt iVi-^<Hl-1fe. -A-i^ ^-Hofl **ilS)^ »-S-o^ =^^1^(60)7> ^^3(61)011 SLo}.]JL. £ 25bo)l 
^o] molV 7)^ f'^LV^sfl (55)71- -a ^3(61) moil 71-e^S^^cl-. 



uflol^- 7m ^^olMi^. «)loli 7mf :?V*11(55)# ^a(6i)oil^i ^A^i^ 41^ ^l^J -^l^^ll ^A^i^ f 
I «floll 7m ^-^-^l-i^. i 25COI1 i-l€ «m ^^01 o^.^v ^.l.fl(60)^ ^-l#(62a 3^ 62b o, 

5 ^lo^2'7lW^^»^fl(55)^ -oHl ^-^^c^. ^101^ 71^ -r 

^5 ^10,- 7m%>g W^oil^i^. -Ilol- 7m ^^V^l(55)7> -oV^€ <S-V *1B1^ o^^. ^-l^(62a ^ 

62b)ol ^oVSlS.^ 5M. i 25do11 S.^m ««ol>i 7m(63)* ^l^^^'^. 

Hflol- 7m ^-^°il^1^. ^^)^H(60)fil ^l^K ^ -o^^ ^^^> ^^1^(62)21 -A ^^1» JS^^MI 

oij^ ^ ;HH€cl-. 'T^^l#(62)^. «J:^^j -^l ^ (reactive ion etching: RIE)^^ ^^^^Y «^1'J( 

plalma etching: PE) f-^l "fl-J^ofl ^«fl ^ ^i^f. 

^vi^ -.^^KD-^l^^^^. £ 7o)l ^-^-^(3)21 -o^l IC(90)U 

tumAU. rC(90)ir^i(91)o^^Bl ^01 ^.1(92) Mlo,l ^o>.Jc^. «J-<1 

^2:1- ;«ll^«^fe ^"l uV^^jsV'^. 

-^^KD-HlAi-, £ 26o)l £/-m '1^^^<^1 ^ IC(90)21 -oV^^ 5S«^(92)2l vfl^ 

^ 4l^°?£V4li(70)« **fl>^i ^Hl(92)S ^^S131. a :^1 -i^^^cf. t.V-d, ^ ^-Ml 
fyoIsV H«1(92)oll ^n. t«^sl i^.^ IC(90)7V ^^1€ ^ Sa^SS.. -g- S.^ -<h^l(l)^ 71711^ 

^«>tl'^i ci 7fl>ti€ 



H^i* S.^ -^Al(l)o,lAife. £ 27011 n}9\. ^01. Blloli 7m(2)3!^ ±^\%^(4) ff^^ 

2S 4V(U^H^. IC(90)^^eis1 <iol ^z^^ alol- *-(71)^ ^*ll-i ^101^ 7m(2 SI 7^;^^ 

(70)iAi ;3-8-€cf^. If'I'*! Ws. <a<H4^1 sl<H. ^^-S-^l Ji^f 7ll'5d€'^. 

^^*l(l)ollAife «flol>: 7m(5)<Hl ¥«4^(72)7>. oil^cfl £ 27ofl ^ol 50nm2l ^^1 

;^7>i% i4i £^ -^^KDoilAl- 4!^* ^#(71)# ^-4^(72)011 ^-^l^jo ^Ml. «,lol>. 7m 
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^ «i^ofl ofe^ 71^^V .fl^^ ol^ol^J s«H 71^ ^oV^l #eB^ 4^ 71^^ ^-^4 ^^22 2tr^*" ^^^"^ 
ti^7}^^i^sl. oJ.vii%i7H ^el7V ii^^ol. ^7]^ «.-5o, ^^1:^- ->^^o, ^7V^ 

1. 

i!sl;iiii^:47i ^T^^^U ^^^-h ^^-^ ^-v^ ^^^^^i ^^1°'^ ^ 

>^V7l afl o] 71 «S1 A^7l ±7.}%- ^'^ ^^^^^ ^^V* 

'T- H.rou^"^ Jo, L #el:.SJi^(polynorbornene), xfle}--i (ceramic). 9J ^^^-^^ 

^4 ^^^1. 
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3. 

?! ^l^li^l^^-lTm^o;!^ J^;qo,l ^.«. ^^71 Hflol^ 71^^ S.^^ ^^^^^ -<^7l ^.V^ ^-^-3 

6. 

;^15*<)-°11 5a<H'^i. 

-^71 :n.^^±A^ -ih^)]. ic ithtv H«ls>fe ^"I^V 

9. 

7l*ollfe 1h«g^ol ^A^sl^ jl^sl- £1: 
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10. 

-^71 «,v<t «,ov -^7] sol 7msi ;mi ^<4i -B^f-s^ <y¥«H] ^ 

11. 

;(^,3 :^;.^.g. ^sflAi mlol>. 7l^^ ^fl^«V^ «fl°l^ 71^ ;Hl ^^ ^^^i ^ 

•i- i^^Vfe =3-^1 
12. 

*>fe -g-^^ il- ^12: "J-^. . . 

13. 

^^^^S.^ «at,V^ O.S.'^i *J#^ -cf^V* £1- 'J-^l ^12: 'Jf^. 

14. 

;«1113^«H1 Sl'H'H. 

>a-7l o>c-ltic1oi| ^^J-slfe- Jl^^q- ai- ^J-A] ;«il2: •i'-'S. 
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^¥*<J- 15. 



^^]^^^ a-l- "J^"^- 

^=f-^^ 16. 

•a- S.^«l-^ -s-i- 'S'^i 

17. 

.ii6«g-oii sioi^i. 
AMi2in}-'S. 

18. 

.llll^'^l Sl<>l^i. 

A^7l ^Hofl ^oli IC ^^V^ -ch^l --1^ ^^^1^1- ^^^^ ^^^1 "^'^ "'^'"^ 

^j^iJ- 19. 
.ii8^°ii sa^i^H. 
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■g- s^sfc^ yi^^ -S-t ^12: 
20. 

;*(|19«<!-<H1 Sl<H>^1. 

^ c1 Jl^^l- 3.^ ^^^] 43l HJ^'S. 

21. 

vfl^l ^120^ <Hi^ ti^ Si^H^I. 

-i- jL^sVfe ji^^ ^1- "^^1 ^^'^ "o*""^- 

^^*J-22. 

ioi 71 '8-'g^°l ^ si al^Bl- 2.1: '^^1 

oVc)-.2.s. ^^^sife ji^^v -s-i- 
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